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(57)Abstract: , o , 
PROBLLM TO BH SOLVIT): To provide a method and an apparatus which can obtain 
high accuracy and resolution and a profile of LPD density in the direction of etching 
depth. 

SOLUTION: A semiconductor w afer W is held on a vacuum chuck 5 in a chamber 1 , 
and is immersed in etchant L. The semiconductor wafer W is at a specified rotational ! 
angle within 360°, and further etched. Thereafter, the semiconductor wafer W is taken 
out of the etchant L, and is cleaned and dried. Subsequently, the traces 10 of air bubbles tB 
formed on the surface of the semiconductor w afer W are observed, and the depth at 
which crystal defect is present is thereby identified according to the direction of the 
traces 10 of air bubbles 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated bv computer. So the translation may not relied the original precisely. 
2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated 

CLAIMS 
(Claim(s)] 

| Claim 1 1 The etching method of the semiconductor wafer to w hich it is made to move linearly w ithin a perpendicular Hat surface- 
to the axis of rotation in the etching method of the semiconductor w afer w hich is made to rotate the semiconductor w afer dipped 
into the etching reagent, and ********** s simultaneously, rotating this semiconductor wafer. 

[Claim 2 1 The etching system of the semiconductor w afer equipped w ith the etching-reagent tub into which the etching reagent 
was poured, a rotation means to rotate a semiconductor wafer in this etching-reagent tub, and the rocking means to which the 
rotating semiconductor w afer is moved w ithin a flat surface perpendicular to the axis of rotation. 

[Claim 3 ] The etching system of a semiconductor wafer according to claim 2 which has the rack which holds a semiconductor 
wafer to an abbreviation vertical in the etching-reagent tub into w hich the etching reagent was poured, and this etching-reagent 
tub, the driving shaft w hich rotates a semiconductor w afer in slide contact with the rim of the held semiconductor w afer, and the 
cam member to w hich a semiconductor w afer is moved in contact w ith the rim of this rotating semiconductor w afer. 
[Claim 4] while fixing to a driving shaft the piece of maintenance which separates the above-mentioned silicon wafers in the rack 
w hich holds two or more silicon w afers and is dipped into an etching reagent by making the rim of a silicon w afer contact two or 
more driving shafts — this piece of maintenance -- the surroundings of a driving shaft — meeting — a protrusion -- the rack for 
etching formed by the pin-like member of bottom plurality 
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df;taiij;d description 

| Detailed Description of the Invention) 
[0001] 

[ The technical field to w hich invention belongs | this invention relates to the evaluation method of a semiconductor substrate and 
evaluation equipment w hich are used in order to detect the density distribution of the etching depth direction of the crystal delect 
in a semiconductor substrate, especially a flow pattern delect 

1 0002] 

[Description of the Prior Art| Detection of the crystal defect in a semiconductor substrate serves as important technology, w hen 
evaluating the quality of the semiconductor substrate Like the selective etching by the mixed liquor of a chromium system 
compound, fluoric acid, and water, for example, SHKOHTCT IINGW. (Secco I itching) as one of the crystal defects Where Si 
crystal is stood into an etching reagent, when earning out an immersion liquid, gases, such as hydrogen, occur from a cry stal 
defect. In case the gas flows above the perpendicular direction along a cry stal front face, etching unevenness arises, and there are 
Si crystal defect bv w hich tracing of a foam forms a ripple pattern in a crystal front face, and the so-called flow pattern defect (it is 
described as FPD Flow Pattern Defect and the following). 

[0003 1 According to the "electrical property inspection method of a silicon single crystal" giv en in JI\4-192345,A, ev aluation 
equivalent to evaluation of the oxide-film pressure-proofing w hich is the electrical property of Si crystal is enabled bv detecting 
FPD density, moreov er Reference () [ "Recognition of D ] defects in silicon single cry stals by preferential etching and effect on 
gate oxide integrity" : I I.Yamagishi, I Fusegawa, N.Fujimaki and M.Katayama : According to Semicond.Sci.Technol.7(l 992) 
AH5-A140 Detection of FPD density with an etching depth [ of Si crystal | of 60 micrometers It carried out by etching of a room 
temperature, the numbers of accumulation of FPD of the range from a cry stal front face (an etching depth of 0 micrometer) to an 
etching depth of 60 micrometers are detected [ no ], and the density distribution of the etching depth direction is detected. 
1 0(K>4 1 For example, w hat is necessary is |ust to perform the follow ing operations, in order to obtain the density distribution of the 
etching depth direction of FPD. First, the immersion liquid of the semiconductor w afer is stood and carried out into 
selective-etching liquid so that the front face and selective-etching oil level of a semiconductor w afer to evaluate may become 
perpendicular, and arbitrary time etching is performed. Then, take out a semiconductor wafer, and it is made to dry. and considers 
that one tracing of the foam of a semiconductor w afer front face is the result to w hich selectiv e etching of the one FPD was carried 
out, and view ing of microscope observation etc. performs counting of FPD. Under the present circumstances, FPD can know the 
perpendicular direction under etching by the direction of tracing of the foam generated in selectiv e etching. 
[0005 1 Next, the immersion liquid of the direction of a semiconductor wafer is changed and earned out so that different arbitrary 
directions from the time of the first etching may turn into the perpendicular direction, and the same operation as the 
above-mentioned is repeated, and is performed. Since the etching depth is proportional to etching time, if the etch rate oi a sample 
to an etching reagent understands it beforehand, the range of the etching depth at the time of the appearance of FPD understands it 
from etching time. 

[0006 1 Moreover, in order that all the gases generated from FPD may progress to gravity and an opposite direction in an etching 
reagent, the directions of tracing of me foam generated at the time of etching of each time differ for every time, and the range of 
the etching depth corresponding to FPD appearance time understands them from the direction of tracing of a foam Bv this 
method, w hen the immersion liquid of a cry stal like FPD is carried out. a gas occurs from a cry stal defect, and the etching depth 
direction profile of the crystal defect of the type w hich forms tracing of a foam in a cry stal front face with the gas can be obtained. 
[0007 1 By the wav. if it does not work in a clean room with a perfect air cleanliness class in case a semiconductor w afer is taken 
out from an etching reagent and counting of the FPD is carried out, when detecting the depth direction profile of FPD by the 
abov e-mentioned method, dust adheres to a semiconductor wafer front face, and trouble is caused to counting of FPD after next 
etching 

1 0008 1 here - FPD - the influence of dust to counting is explained using drawing 4 As a sample, it sets to a rix>m temperature 
and an initial oxvgen density is 14x1017 atoms/cc (ASTM-12 1 ) in a p type Si wafer (100) front face After only rinsing to these 
using IV. wafer (wafer bv the C/ochralski method), and the both sides of an FPI crvstal. The sample winch performed 
SKKOHTCT IINGl ■ for 5 minutes after that was created, respectively by performing APM (ammonia filtered water) washing for 
10 minutes further after rinsing with the sample which performed SHklOFTCI IINC1U for 5 minutes 

1 0009 1 Drawing 4 is a graph which shows the rale of 1 ; PD which has the si/e of the flow 200 micrometers or less over the total 
FPD number about these four sorts of" samples In addition, as an APM penetrant remover, it is Nl I4()l I 1 12(>2 I I2t ) A volume 



ratio 1:1:5 The thing was used And along the horizontal axis, the kind of a sample and washing and the rate olTPD w hich has 
the size ol'the How 200 micrometers or less over the total FPI) number of FPI) densities in a vertical axis were taken 
[()() If)] It was well known bv APM washing that dust and the particle on the front lace of a water will be removed, and the result 
of drawing 4 showed that the rate with the size of the How 200 micrometers or less over the total FIT) number of FPI) decreased, 
when APM washing was performed That is. it is thought that the influence by dust adhesion on a w afer front face is larger than 
the result of draw ing 4 to generating of FPD w ith the size of a flow 200 micrometers or less, and exact counting of FPD is not 
made. That is, the etching depth direction profile of FPI) exact until now is not measured because the influence of the FPI) 
detection on dust or particle is large 

[001 1 1 Therefore, whenever it repeated etching as long as the above-mentioned conventional method was used in order to 
eliminate the influence of the FPI) detection on ( at the time of etching bv dust or particle |. it had to wash Moreover, in order to 
raise the resolution of the etching depth direction profile, it needed to etch bv div iding time finely. 
[00 1 2 j 

[Problem(s) to be Solv ed bv the Invention | As explained abov e, in the conv entional crystal-defect method of detection, w hen 
earn ing out the multiple-times receipts and payments of the semiconductor w afer to an etching reagent took out a wafer irom eve 
a required hatchet and an etching reagent, dust and particle adhered to the w afer, and exact measurement was not completed by 
crystal-defect measurement after etching of the 2nd henceforth. And in order to avoid this, w henev er it repeated etching, w ashing 
and dryness had to be performed, and it had become the work which requires time and eflbrt and time extremely 
1 00 1 3 1 Moreov er, bv the conv entional method, the depth in which a cry stal defect exists can be grasped only as a certain range 
corresponding to etching time, then -- in order to obtain the etching depth direction profile of FPI) density with finer resolution — 
etching time - fine -- div iding - counting of etching and FPD - it is necessary to repeat work repeatedly I low ever, if it does in 
this way, since the opportunity of adhesion, such as dust, w ill increase increasingly, it is not a desirable method. 
[0014] this inv ention aims at offering the ev aluation method of a semiconductor substrate and ev aluation equipment w hich it is 
made in order to solve the above-mentioned technical problem, and FPD density with a more high precision is obtained by- 
reducing the influence of dust etc., and can obtain the etching depth direction profile of FPI) density with high resolution. 
[0015] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the evaluation method of the semiconductor 
substrate of this invention After making it immersed into selective-etching liquid w here a semiconductor substrate is stood and 
rotating a semiconductor substrate for the directions of a normal where a semiconductor substrate is arbitrary within angular 
velocity and 360 degrees fixed as the axis of rotation, It is characterized by discriminating the depth in which a cry stal defect 
exists based on the direction of tracing of a foam by taking out a semiconductor substrate from selective-etching liquid, and 
observing tracing of the foam formed in the front face of a semiconductor substrate. 

[00 16] Moreover, specifically, the etching time at the time of the locus of the air bubbles being formed from the direction of the 
value of angular velocity and the locus of air bubbles can be found, and the depth in w hich a cry stal defect exists from the etching 
time w hich asked the account of before w ith the etch rate decided by the kind of the semiconductor substrate to be used and 
selective-etching liquid can be discriminated. 

[0017 ] Moreover, the container w hich may make a semiconductor substrate immersed into the liquid while the ev aluation 
equipment of the semiconductor substrate of this invention can hold selective-etching liquid, A substrate maintenance means to 
hold where it w as installed in this container and the aforementioned semiconductor substrate is sttxxl, It is characterized by having 
a substrate rotation means to rotate the aforementioned semiconductor substrate in the state w here it was made to hold for the 
aforementioned substrate maintenance means, and the control means w hich control the angular velocity at the time of rotation of 
the semiconductor substrate bv this substrate rotation means. 

[00 18| It is going to detect this invention bv ********** m g m e etching depth direction distribution of the crystal -defect density 
w hich forms the locus of air bubbles in a semiconductor substrate front face by the flow of the gas generated from a cry stal defect 
in selective-etching liquid, rotating a semiconductor substrate. That is, angular velocity is set up so that a _scmiconductor substrate 
mav rotate w ithin 360 degrees bv arbitrary etching object time in case it is made to rotate w ith a fixed ang ular vcjocj&Avhile 
etching a semiconductor subs trate for example Then, the depth in which the crystal defect appeared is proportional to etching 
time mostly, and etching time is proportional to the angle of rotation of a semiconductor substrate. Therefore, the depth in which 
the crv stal defect appeared from the angle of rotation of a semiconductor substrate can be judged. 

[001 9 1 Draw ing 3 is drawing show ing signs that the locus of air bubbles w as formed in the substrate front face of the gas which a 
crystal defect appears in each etching depth, and is then generated The angle of rotation of a semiconductor substrate is 
underskxxl from the direction of the locus of the air bubbles on the front face of a substrate at the time of the appearance of a 
cn stal delect, and the depth in w hich the crystal defect appeared from the angle of rotation understands it. That is, depth D 
(micrometer) of the cnstal defect which appeared is I)= Rt = R thcta/omega = Rtheta'/omega .... ( I ) 
It is here and is R etch rate (micrometer/second) 
t: 1- tching time (second) 

omega Angular velocity of the semiconductor substrate under etching (degree/second) 

theta: Angle of rotation of the semiconductor substrate at the tune of a crystal-defect appearance (degree) 

theta': Angle of rotation of the direction of the locus of the air bubbles on the front face of a substrate, and the perpendicular 

direction upper part at the time of a rotation start to make (degree) 

It comes out 
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[0020 1 the angle theta 1 of the direction of tracing of the loam on the front face of a substrate, and the perpendicular direction 
upper part at the time of a rotation start to make, theta 2. and theta 3 even -- when earning out counting of the crystal defect by 
microscope observation etc . the distribution of the etching depth direction of crystal -delect density should be detected by one 
etching, and adhesion of dust should onlv exist in the substrate front face before etching | theretore, ) Moreover, in order to rotate 
a semiconductor substrate continuously and to detect a cry stal defect, it becomes possible to detect the depth direction profile of 
cnstal-defect density with sufficient resolution. 
[0021) 

"ffmbod intents of the Invention) I lereafter. the gestalt of 1 operation of this invention is explained with reference to drawing 1 and 
drawing 2 Draw ing 1 is draw ing showing the composition of the cn stal-defect detection equipment (evaluation equipment) of 
the gestalt of this operation, draw ing 1 (a) is the side elevation of equipment, and (b) is a plan, the sign 1 m draw ing -- a container 
and 2 -- for a rotary motor (substrate rotation means) and 5. a vacuum chuck (substrate maintenance means) and 6 are [ a 
computer svstem (control means) and 3_/ the axi s of rotation (s ub strate rotation means) and 4 / a semiconductor w afer 
(semiconductor substrate) and f of the rotary pump for vacuum chucks (substrate maintenance means) and W ] etching reagents 
(selective-etching liquid) 

[0022] This equipment 7 can evaluate two semiconductor wafers W, the two axes of rotation 3 and 3 horizontally prolonged from 
the both-sides side of a container 1 are installed, and the exterior of a container 1 is equipped with the rotary 'motor 4 (the form of 
this operation stepping motor) for rotating these axes of rotation 3. respectively And a rotary motor 4 is made to drive a rotary 
motor 4. and the computer system 2 for controlling rotation states, such as rotauojialjipeed of a motor 4, is connected to it 
[0023 1 A vacuum chuck 5 is attached at the nose of cam of each axis of rotation 3, the rotary pump 6 for vacuum chucks is 
attached in the other end, and the tube X for vacuum chucks is inserted in the interior of the axis of rotation 3 Therefore, the 
semiconductor wafer W sticks to a v acuum chuck 5, and is fixed to it by the operation of a rotan pump 6 
[0024 1 Next, the cnstal-defect method of detection (the evaluation method) using the equipment 7 of the above-mentioned 
composition is explained. As a procedure, first, before putting in etching-reagent L in a container I, the semiconductor wafer W is 
made to stick to a vacuum chuck 5, and further, in order to make perfect adhesion of the semiconductor wafer W and a v acuum 
chuck 5, the seal of the part w hich hits the periphery- of a vacuum chuck 5 is carried out on the Teflon tape 9. Then, a container 1 
is filled w ith etching-reagerit U th^^ wafer W is made into etching start time, 

and thej^mieondiicU>r vvaJer_W is rotated .with a fixed angular velocity, controlling a rotan motor 4 by the computer system 2 
sjmujUmeouslv with it. 

1 0025] In addition, if an etch rate is decided by the kind of the semiconductor wafer W and etching-reagent L as an example of a 
view w hich sets up the angular v elocity of a wafer and suitable etching object time is decided in this case, the depth of the w hole 
which detects the depth direction profile ofFPD will be decided. Ajjivv^Usjaeevssan'is just to set up a fixed angular veloc lty so 
thaJJheOolaliuigkjof EPlaiionjriay become less thanJ360 degrees sonce uaciiocusuf air bubbl es w ill l ap if th e total angk-of 
rot ation bec omes_36() degrees or m ore byUheuitbreriieiitLQaed etching object tune. 

[0026 1 Then, after taking out the semiconductor w afer W from etching-reagent L and performing rinsing and dryness, the 
direction and number of a locus 10 of each air bubbles w hich were formed in the front face of the semiconductor wafer W of 
meanses, such as microscope observ ation, are measured. If it does in this way. the direction of the locus 10 of air bubbles will 
show the angle of rotation of the semiconductor w afer W. and the etching time in the time of FPO appearing from the angle of 
rotation and angular velocity will be found, furthermore, each depth of YPD can be known based on the etch rate beforehand 
understood to be the etching time. 
[0027 | 

[Hxample| I lere, the comparative experiments of the cn stal-defect method of detection of mis invention and a conventional 
method were conducted. I lereafter, the result is explained. In the method of detection of this example, it supposes that it etches at 
a room temperature, and an initial oxygen density is 14x10 1 7 atoms/ec (ASTM- 121) in the front face (100) of a p type Si w afer 
as SHKO liquid and a semiconductor wafer as an etching reagent. CX wafer was used. Moreov er, the angle which a 
semiconductor w afer and an etching-reagent side make becomes 00 degrees (state the semiconductor wafer stood 
perpendicularly) bv using the equipment of drawing 1 . 

[0028 1 Moreover, it computed as a part for R= 0 6 micrometer/of etch rates among the parameters in the abov e-mentioned (1 ) 
formula, and set up for [ angular-velocity / of the semiconductor wafer under etching / of omega= 0. 1 5 degrees/second /, and total 
etching time | 30 minutes When it etches on this condition, the total angle which a semiconductor w afer rotates will spread 270 
degrees and the etching depth, and will be equivalent to IS micrometers And the semiconductor wafer after an etching end was 
rinsed, it dried, tracing of a foam was observed after that using the differential interference microscope, and it asked for ITT) 
density 

|(H)2 t )| On the other hand, as the conventional method of detection used as the example of comparison, onlv the vacuum chuck 5 
(rotan pump 6) which supports the semiconductor w afer W among the equipment 7 of the gestalt of this operation shown in 
draw ing 1 within a container 1. etching-reagent f . and the semiconductor wafer W and a container 1 w as used, and the same CX 
w afer as what was used in the example was used for the semiconductor w afer W 

| (K)30 1 And the semiconductor wafer was once taken out from the etching reagent, and after rinsing and drving. it asked tor IT'O 
density bv ditferential-interference-microscope observ ation, and carried out after that by changing the 00 degrees ot the directions 
of a semiconductor wafer centering on the direction of a normal of a semiconductor wafer front face, and repeating operat ion of 
* *********mg fixed tune l ite hum was performed 4 times in all and each etching time was set for 5 minutes, for 5 minutes (for 



accumulating-totals | 10 minutes), tor 10 minutes (lor | accumulatmg-totals | 20 minutes), and as for 10 minutes (for 
accumulating-totals ] 30 minutes) When this is converted into the etching depth, it is equivalent to 3 micrometers. 6 
micrometers. 1 2 micrometers, and 1 S micrometers 

1 003 1 1 Moreover, it decided to make the detect which has recognized the detect which has recognized the detect which has 
recognized the defect recognized after the 1 st etching after 0-3 micrometers and the 2nd etching as the method of expression of 
FPI) density after 3-6 micrometers and the 3rd etching after 6-12 micrometers and the 4th etching into the defect which appeared 
in 12- IS micrometers, and to show it 

1 0032 | Draw ing 2 compares the result of the above-mentioned example w ith the result of the conventional example The ITT) 
density bv the example is decreasing greatly compared with the ITT) density of the conv entional example, respectively in each 
etching depth w hich is 0 micrometers. 12 micrometers, and 18 micrometers so that clearly from drawing 2 In the case ot the 
conventional example, this has main rates w ith the size of the flow (tracing of the foam from I PI ) ) 200 micrometers or less over 
the total ITT) number of ITT), and is because the part w as counted as ITT). 

1 0033 ] I low ever, it is prov ed from the result of draw ing 4 mentioned abov e that ITT) with the size of a How 200 micrometers or 
less has the large influence bv dust adhesion on a w afer front face. Therefore, in the case of this example, compared with the 
conventional example, the thing with small FPI) density w as considered because the influence bv dust adhesion of a w ater front 
face is small, and it w as proved that PIT) density with a high precision was obtained 

|0034| Furthermore, since ITT) can only grasp supposing that it generated within the limits of the etching depth corresponding to 
the divided etching time in the case of the conventional example, as the depth direction density profile of FIT) shows drawing! 2 , 
it will become a stair-like profile Then, if etching time is divided more finely, in order for a profile and the opportunity for dust to 
adhere between etching although it becomes fine to increase. ITT) density will become what has a still worse precision. To it, in 
the case of this example, the depth direction density profile of FIT) w as able to become smooth curve-like, and has grasped the 
generating situation of FPI) in the more nearly actually near state compared with the conventional example. 
1 003 5] in addition, the technical range of tins invention can add v arious change in the range which is not limited to the gestalt and 
example of the abov e-mentioned implementation, and does not dev iate from the meaning of this invention For example, in the 
equipment of the gestalt of this operation, although the vacuum chuck w as used as a means to hold a semiconductor w afer, it is 
possible to replace with this, and to use the earner which holds a semiconductor wafer mechanically, in addition to add various 
change about the concrete composition of equipment. Moreover, also in the method of detection of FPI), even if it can set up 
suitably about conditions, such as rotational speed of a w afer, and etching time, and faces detection of tracing of a foam, you may 
use arbitrary methods. 
|0036| 

[Kffect of the Invention! As mentioned above, as explained in detail, according to the evaluation method of the semiconductor 
substrate of this inv ention Bv ********** in g rotating a semiconductor substrate within 360 degrees w ith a fixed angular velocity 
Since etching time, i.e., the etching depth, is found from the direction of tracing of each foam on the front face of a substrate and 
the distribution of the etching depth direction of crystal-defect density can be detected [ only etching once and |. Pitching time can 
be divided, it is not necessary to perform washing of a substrate, and dryness for even' etching, and the detection work ol a crystal 
defect can be simplified. Moreover, compared with a conventional method, cry stal-defect density with a high precision can be 
obtained because the influence on the defect density measurement by adhesion in the substrate of dust or particle decreases. 
Moreover, since a semiconductor substrate is rotated continuously and a crystal defect is detected, the depth direction prohle ot 
defect density is detectable with sufficient resolution. 

[0037 ] Moreover, the method of detection with the above outstanding adv antages of a cry stal defect is easily realizable bv using 
the evaluation equipment of the semiconductor substrate of this invention. 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer So the translation may not reflect the original precisely 
2 **** snous the word which can not be translated 
.vln the draw ings, am words are not translated 

CLAIMS 
|Claim(s)| 

[Claim 1 ] It is the method of detecting the density distribution of the etching depth direction of the crystal defect which forms 
tracing of a loam on the front face of a semiconductor substrate into selective etching Alter making it immersed into 
selective-etching liquid w here a semiconductor substrate is stood and rotating this semiconductor substrate for the directions of a 
normal w here this semiconductor substrate is arbitrary w ithin angular velocity and 360 degrees fixed as the axis of rotation. The 
evaluation method of the semiconductor substrate characterized bv discriminating the depth in w hich a cry stal defect exists based 
on the direction of tracing of this foam by taking out this semiconductor substrate from the aforementioned selective-etching 
liquid, and observing tracing of the foam formed in the front face of the aforementioned semiconductor substrate. 
| Claim 2 1 The crvstal-defect method of detection in the semiconductor substrate w hich finds the etching time at the time of tracing 
of the foam being formed from the direction of the value of the aforementioned angular velocity, and tracing of the aforementioned 
foam, and is characterized bv discriminating the depth in which the aforementioned crystal defect exists from the etch rate decided 
bv the kind of the semiconductor substrate to be used and selective-etching liquid, and the etching time found the account of 
before in the evaluation method of a semiconductor substrate according to claim 1 . 

[Claim 3) It is equipment used in order to detect the density distribution of the etching depth direction of the crystal defect which 
forms tracing of a foam on the front face of a semiconductor substrate into selective etching. The container w hich may make a 
semiconductor substrate immersed into the liquid while being able to hold selective-etching liquid, A substrate maintenance 
means to hold w here it w as installed in this container and the aforementioned semiconductor substrate is stood, I Evaluation 
equipment of the semiconductor substrate characterized bv having a substrate rotation means to rotate the aforementioned 
semiconductor substrate in the state where it w as made to hold for the aforementioned substrate maintenance means, and the 
control means w hich control the angular velocity at the time of rotation of the semiconductor substrate bv this substrate rotation 
means. 
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TI-;C11NICAL HHU) 

[ The technical field to w hich invention belongs | This invention relates to improvement of the rack for etching at the w et etching 
method and its etching-svstem row of the etching method of a semiconductor w ater, and its equipment, for example, a silicon 
wafer 
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PRIOR ART 

[Description of the Prior Art | Generally, after machining processing of slicing, wrapping, etc. is performed, as for a silicon wafer, 
etching processing by chemical action is given. This etching process is performed in order to remove the damage produced with 
machining at the process before the above. Pven if it is in the silicon wafer w ith which it ********** C( j f or ri e\t polish etc. 
simultaneously, regulation fixed at appearance, tlat nature, and field granularity etc is needed 

[()()03) Therefore, more various devices than before have been made also about the fixture used for this etching method and 
etching. 1 {specially the poor field (nonuniformitv) according to the reactant gas from a semiconductor wafer front face in 
connection w ith the inclination of diameterf of a large quantity ]-i/ing of a semiconductor w afer in recent years has posed a big 
problem. 

[0004] As an etching system of the conventional semiconductor wafer, what was indicated by JP.4- 1 5 1 S37.A. for example is 
know n. This equipment allots the presser-foot member of each other w hich formed in shaft orientations two or more tw o main 
rollers w hich formed in shaft orientations two or more engagement slots which should support a w afer, and same engagement 
slots free [ parallel and rotation ] in drum frame-like casing. The rotation drive of the main roller is carried out with a drive. It 
presses down between the main rollers in casing, and with a main roller, and has prepared in the angular position with a suitable 
member free [ rotation of an auxiliary roller ]. An auxiliary roller is driven w ith a drive. 

[0005] Since at least two points of the periphery section of this wafer are supported [ if it is in this equipment, ] with the main 
roller and the auxiliary roller even if it is the w afer w hich has the cage hula OK. and the cage hula OP is m w hich angular position, 
the axial center of a w afer does not change but movement of the direction of a path of a w afer is prevented. Consequently, the 
periphery section does not receive a damage, but the rotation unevenness of a w afer is prevented, and uniform etching is attained. 
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KFFHCT OY Till-: INVENTION 

1 1 {fleet of the Invention | In this invention, the variation in the Harness on each front face of a silicon w afer can be suppressed 
small. Moreov er, the etching nonuniformitv w ithin the field on the rear face of front of a silicon w afer can be lost. 
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TirilNICALPROHLI^M 

(Problem(s) to be Solved bv the Invention] As explained above, in the conventional crystal-defect method of detection, when 
earning out the multiple-times receipts and payments of the semiconductor wafer to an etching reagent took out a wafer from eye 
a required hatchet and an etching reagent, dust and particle adhered to the wafer, and exact measurement was not completed by 
cry stal -defect measurement after etching of the 2nd henceforth. And in order to av oid this, whenev er it repeated etching, w ashing 
and dryness had to be performed, and it had become the work which requires time and effort arid time extremely. 
1 00 1 3 1 Moreover, bv the conventional method, the depth in which a cry stal defect exists can be grasped only as a certain range 
corresponding to etching time then - in order to obtain the etching depth direction profile of VPD density with finer resolution — 
etching time - fine — dividing - counting of etching and VPD - it is necessary to repeat w ork repeatedly I Iowever. if it does in 
this wav , since the opportunity of adhesion, such as dust, will increase increasingly, it is not a desirable method 
[0014] this invention aims at offering the evaluation method of a semiconductor substrate and evaluation equipment which it is 
made in order to solve the above-mentioned technical problem, and VPD density with a more high precision is obtained by 
reducing the influence of dust etc., and can obtain the etching depth direction profile of FPD density w ith high resolution. 
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MHANS 

(Means lor Solving the Problem] In the etching method of the semiconductor wafer which is made to rotate the semiconductor 
w afer dipped into the etching reagent in invention according to claim 1 , and ********** it is the etching method of the 
semiconductor wafer to w hich it is made to move linearly within a perpendicular flat surface to the axis of rotation simultaneously, 
rotating this semiconductor wafer. 

[00 10 1 It is the etching system of the semiconductor wafer equipped with the etching-reagent tub into w hich the etching reagent 
w as poured, a rotation means to rotate a semiconductor wafer in this etching-reagent tub, and the rocking means to which the 
rotating semiconductor wafer is moved w ithin a flat surface perpendicular to the axis of rotation in invention according to claim 2. 

[001 1 ] It is the etching system of a semiconductor w afer according to claim 2 which has the rack which holds a semiconductor 
wafer to an abbreviation \ ertical in the etching-reagent tub into which the etching reagent was poured, and this etching-reagent 
tub, the driving shaft w hich rotates a semiconductor wafer in slide contact w ith the nm of the held semiconductor w afer, and the 
cam member to w hich a semiconductor w afer is moved in contact w ith the rim of this rotating semiconductor w ater in invention 
according to claim 3. 

[0012] while invention according to claim 4 fixes to a driving shaft the piece of maintenance which separates the 
above-mentioned silicon wafers in the rack which holds two or more silicon wafers and is dipped into an etching reagent by 
making the nm of a silicon wafer contact two or more driving shafts — this piece of maintenance — the surroundings of a driving 
shaft — meeting — projection -- it is the rack for etching formed by the pin-like member of bottom plurality 
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KXAMPLF 

| l:\ample | I lore, the comparative experiments of the crystal -delect method of detection of this invention and a conventional 
method were conducted. I lereafter, the result is explained. In the method of detection of this example, it supposes that it etches at 
a room temperature, and an initial oxygen density is 14x1017 atoms/cc (AS TM- 1 2 1 ) in the front face ( 1 00) of a p type Si wafer 
as SHKO liquid and a semiconductor wafer as an etching reagent. CX wafer was used Moreover, the angle which a 
semiconductor wafer and an etching-reagent side make becomes 90 degrees (state the semiconductor wafer stood 
perpendicularly) by using the equipment of draw ing 1 . 

[0028] Moreover, it computed as a part for R= 0.6 micrometer/of etch rates among the parameters in the above-mentioned ( 1 ) 
formula, and set up for [ angular-velocity / of the semiconductor w afer under etching / of omega= 0 1 5 degrees/second /, and total 
etching time | 30 minutes. When it etches on this condition, the total angle which a semiconductor wafer rotates will spread 270 
degrees and the etching depth, and will be equivalent to 1 8 micrometers. And the semiconductor wafer after an etching end was 
rinsed, it dried, tracing of a foam w as observ ed after that using the differential interference microscope, and it asked for FPD 
density. 

[0029] On the other hand, as the conventional method of detection used as the example of comparison, only the vacuum chuck 5 
(rotarv pump 6) w hich supports the semiconductor w afer W among the equipment 7 of the gestalt of this operation shown in 
draw ing 1 within a container 1, etching-reagent L, and the semiconductor wafer W and a container 1 was used, and the same CX 
wafer as what was used in the example was used for the semiconductor wafer W. 

[0030] And the semiconductor wafer was once taken out from the etching reagent, and after rinsing and drying, it asked for FPD 
density bv diflerential-interferenee-microscope observation, and carried out after that by changing the 90 degrees of the directions 
of a semiconductor wafer centering on the direction of a normal of a semiconductor w afer front face, and repeating operation of 
+ ****** + **ing fixed time. Ktehing was performed 4 times in all and each etching time was set for 5 minutes, for 5 minutes (for 
accumulating-totals ] 10 minutes), for 10 minutes (for [ accumulating-totals | 20 minutes), and as for 10 minutes (for 
aecumulatmg-totals ] 30 minutes). When this is converted into the etching depth, it is equivalent to 3 micrometers, 6 
micrometers, 1 2 micrometers, and 1 8 micrometers. 

[003 1 1 Moreover, it decided to make the defect which has recognized the defect w hich has recognized the defect which has 
recognized the defect recognized after the 1 st etching after 0-3 micrometers and the 2nd etching as the method of expression of 
FPD density after 3-6 micrometers and the 3rd etching after 6- 1 2 micrometers and the 4th etching into the defect which appeared 
in 12-18 micrometers, and to show it. 

|0032| Drawing 2 compares the result of the above-mentioned example with the result of the conventional example. The FPD 
density bv the example is decreasing greatly compared with the FPD density of the conventional example, respectively in each 
etching depth which is 6 micrometers, 1 2 micrometers, and 1 8 micrometers so that clearly from draw ing 2 In the case of the 
conventional example, this has many rates with the size of the flow (tracing of the foam from FPD) 200 micrometers or less over 
the total FPD number of FPD, and is because the part w as counted as FPD 

1 003 3 1 I low ever, it is proved from the result of draw ing 4 mentioned above that FPD w ith the size of a flow 200 micrometers or 
less has the large influence bv dust adhesion on a w afer front face. Therefore, in the case of this example, compared with the 
conventional example, the thing w ith small FPD density w as considered because the influence bv dust adhesion of a w afer front 
face is small, and it was proved that FPD density with a high precision was obtained. 

[0034] Furthermore, since FPD can only grasp supposing mat it generated w ithin the limits of the etching depth corresponding to 
the divided etching time in the case of the conventional example, as the depth direction density profile of FPD shows drawing 2 . 
it will become a stair-like profile. Then, if etching time is divided more finely, in order lor a profile and the opportunity for dust to 
adhere between etching although it becomes fine to increase. FPD density will become what has a still worse precision. To it. in 
the case of this example, the depth direction density profile of FPD w as able to become smooth curve-like, and has grasped the 
generating situation of FPD in the more nearly actually near state compared with the conventional example 

(0035] in addition, the technical range of this invention can add various change in the range which is not limited to the gestalt and 
example of the above-mentioned implementation, and does not deviate from the meaning of this invention For example, in the 
equipment of the gestalt of this operation, although the vacuum chuck w as used as a means to hold a semiconductor w ater, it is 
possible to replace with this, and to use the carrier which holds a semiconductor wafer mechanically, in addition to add various 
change about the concrete composition of equipment Moreover, also in the method of detection of FPD. even it it can set up 
suitably about conditions, such as rotational speed of a wafer, and etching time, and faces detection of tracing ot a foam, vou may 
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use arbitrary methods 
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* NOTICES* 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated bv computer. So the translation may not retlect the original precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated 

DHSCRIP HON OF DRAWINGS 
[Brief Description of the Drawings] 

| Drawing 1 ] It is the perspectiv e diagram show ing the outline of the etching system concerning one example of this invention. 
| Drawing 2] It is the cross section show ing the rack of the etching system concerning one example of this invention. 
| Draw ing 3] It is the side elev ation show ing the side plate of the rack concerning one example of this invention. 
[Drawing 4| It is the front view showing the wafer maintenance state in the rack concerning one example of this invention 
[Drawing 5| It is the side elevation showing the roller shaft configuration concerning one example of this invention. 
[Drawing 6| It is the side elevation showing the roller shaft configuration concerning other examples of this invention 
[Drawing 1\ It is the side elevation showing the roller shaft configuration of the etching system concerning the example of further 
others of tins invention. 

[Drawing S| It is the graph which shows the etching nonunifonnitv of the silicon wafer in the etching system concerning the 
example of this inv ention. 

[Drawing 9] It is the graph which shows TTV of the silicon wafer in the etching system concerning the example of this invention. 
[ Description of Notations ] 

1 1 I itching-Reagent Tub, 

12 Rack, 

15, 16, 17 Roller shaft (a rotation means, driving shaft), 
1 S Small Gear (Rotation Means), 
1 9 Inner Gear (Rotation Means, Rocking Means), 
21 Outside Gear (Rotation Means, Rocking Means), 

24 Belt (Rotation Means, Rocking Means), 

25 Motor {Rotation Means, Rocking Means), 
30 Piece of Maintenance, 

32 Cam Shaft (Rocking Means, Cam Member), 

33 Small Gear (Rocking Means), 
wf Silicon w afer. 
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* NOTICKS * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . 1 his document has been translated by computer. So the translation mav not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3 In the drawings, any words are not translated. 



DRAWINGS 
| Drawing 1 
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[Drawing 4] 
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